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INVESTIGATION OF MINOR ACTINIDE TRANSMUTATION 
IN NEPTUNIUM FUELLED BFS67 ASSEMBLIES 

Aim: Reduction of the growing amount of Neptunium produced in reactors, 

Possibility of using fast reactors to burn Neptunium 

The BFS67 experimental programme in the BFS- 1 facility at IPPE 

to confirm the possibility for a fast reactor design to bum Np237 

Np237 is homogenised uniformly in the fuel. 
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DESCRIPTION OF THE BFS-67 CRITICAL ASSEMBLIES. 

The BFS-67-2 critical assembly is a reference core 

Zone 1 includes 169 fuel rods with active core cells containing plutonium pellets 
(4.4 % of Pu240) with an enrichment of 18.6 %. 

Zone 2 (uranium driver zone) includes 4 17 fuel rods 
with active core cells containing uranium peIlets with an enrichment of 2 1.3 %. 

Zone 3 is the reflector zone which consists of 827 rods of depleted uranium dioxide 
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EQUIVALENT PLUTONIUM WORTH 

REGION :pu671 :punp672 :punp673 

ISOTOPE DENSITY REAcllvlTY DENWY REACllVllY DENSITY REACTIVITY 

Np237 
U235 
U238 
Pu239 
Pu240 
pU241 
Pu242 
Am241 
Am243 

5.07E-13 -0.15993 
2.22E-05 0.70816 
5.23E-03 0 
1.18E-03 1 
5.72E-05 0.20398 
3.08E-06 1.34868 
1.33E-13 0.11812 
1.33E- 13 -0.21737 
1.33E- 13 -0.21689 
1.33E-13 0.28398 
2.82E-13 0.6282 

WEIGHT 
4.24E-04 -0.09569 
2.06E-05 0.68338 
4.87E-03 0 
1.18E-03 1 
5.7OE-05 0.22577 
3.12E-06 1.30255 
lsoE-13 0.13835 
lSOE-13 -0.16842 
1.5OE-13 -0.17087 
ISOE-13 0.31673 
1.5OE-13 0.6516 

EQUIVALEM 
ENRKZHMEM 

18.67 

WEKSHT 
8.47E-04 -0.05742 
1 BlE-05 0.65999 
4.34E-03 0 
1.18E-03 1 
5.71E-05 0.24784 
3.09E-06 1.26064 
2.44E-13 0.15729 
2.44E-13 -0.12256 
2.44E-13 -0.12919 
2.44E-13 0.34779 
2.44E-13 0.67335 

18.01 17.83 

I 

K’ 

in % 

0.426 

1.66162 

0.488 

1.57698 

0.452 

1.59452 
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R-Z model of BFS-67- I assembly (l/4 of reactor). 
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DESCRIPTION OF THE BFS-67 CRITICAL ASSEMBLIES. 

- BFS-67-l reference core 

Zone 1 core cells with an enrichment of 18.6 % in Pu (4.4 % of PUCK’). 
Zone 2 uranium driver zone with an enrichment of 2 I .3 % in U235. 
Zone 3 depleted uranium dioxide 

Three other cores have been defined by introducing Np237 in a central core region: 

- BFS67-2 with a central region of 3 1 drawers 
and a Neptunium enrichment of 13.1%) 

- BFS67-3 with a central region of the same size but 
with a reduced Neptunium enrichment of 6J%, 

- BFS67-3B with an enlarged central region of 6 I drawers 
and the same Neptunium enrichment (6.5 90 ) 

as in BFS67-3. 



18.89 Zone1 Zone2 
Zone 3 

R-Z model of BFS-67-2,3 and 3B assembks (l/4 of reactor). 
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CALCULATIONAL SCHEME 

Transposition of experimental results to full power reactors 
requires refined calculation analysis, 
with particular attention being given to the modelling 

of the reactor and experimental devices. 

JEFZi/ECCOIERANOS al 1 t’ c cu a Ional scheme includes the required features 
- the recent JEF2 evaluated data file, 
- the ECCO cell code with a self shielding of cross sections 

and a slowing down treatment calculated in I968 groups 
in a 3D representation of the fuel pellets in the assembly tubes , 

- the 54 PI transport theory code BISTRO for a flux calculation 
in a 210 RZ geometrical representation of the cores. 

Precise analysis of the experiments performed 
using these specific features of the EF2/EXCCVERANOS code and data system. 



EXPERIMENTAL ANALYSIS (REVISED} 

BFS67-1 core with a central enriched plutonium zone surrounded 
by an uranium driver zone. 

Calculated peff for this core using Tuttle’s data is 481 pcm. 

BFS67-2, BFS67-3 and BFS67-3B with Np237 in a central region 

JEF2/ECCO/ERANOS results for the critical masses of the four cores 

Assembly BF’S67-1 BFS67-2 BFS67-3 BFS67-318 

Experiment 1.00038 1 .ooo34 I BOO38 1 .oooa 

Calculation 0.9978 1 0.997 11 0.99723 0.99659 

Discrepancy 
(E-C)/C (pcm) 1 257 323 I 315 390 

Excellent agreement , Small trend with the increase in the amount of Np237 
Heterogeneity effect included 

by a fully 3 dimensiona heterogeneous cell description. 
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CALCULATIONAL SCHEME 

JElWECCO/EXANOS calculational scheme includes the recent JIWZ evaluated data file, 

In order to improve the prediction of the calculational scheme 
an adjusted data library ERALIBl has been created with the help of : 

- the MASURCA experiments (initial C/E, sensitivities), 
- the JEF2JECXU/ERANOS, 
- the statistical approach. 

Similar analysis of the BFS experiments has been performed 
than the one with the JEF’WECCOIERANOS code and data system. 
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EXPERIMENTAL ANALYSIS 

BFS67- 1 core with a central enriched plutonium zone surrounded 
by an uranium driver zone. 

Calculated peff for this core using Tuttle’s da&a is 481 pcm. 

BFS67-2, BFS67-3 and BFS67-3B with Np237 in a central region 

ERALIBX/ECCO/ERANOS results for the critical masses of the four cores 

Assembly 

Experiment 

Calculation 

Discrepancy 
(E-C)IC (pcm) 

BFS67-1 BFS67-2 BFS67-3 BFS67-3B 

1.00038 1 l o34 1.00038 1.00048 

0.99766 0.99709 0.99714 0.99658 

273 326 325 391 + 

Excellent agreement 
Heterogeneity effect included 

by a fully 3 dimensional heterogeneous cell description. 
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HETEROGENEOUS EFFECT 

BFS67-1 core with a central enriched plutonium zone surrounded 
by an uranium driver zone. 

BFS67-2, BFS67-3 and BFS6’7-3B with Np237 in a central region 

JEF2/ECCO/ERANOS results for the critical masses of the four cores 
with either an heterogeneous or an homogeneous description of the cells 

Assembly BFS67-1 BFS67-2 BFS67-3 BFS67-3B 

Heterogeneous 
CalcuIation 

Homogeneous 
Calculation 
Differences 

(pen-0 

0.9978 1 0.997 11 0.99723 0.99659 

0.99390 0.99317 0.99330 0.99265 

391 394 393 394 

Significant heterogeneity effect included ( around 400 pcm) 
by a fully 3 dimensional heterogeneous cell description. 
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SPECTRAL INDICE MEASUREMENTS 

Spectral indices measured in the central region of the three BFS cores 
(BFS67- I, BFS67-3B and BFS67-2). 

Average fission cross-section ratios measured by three types of ionisation fission chambers: 
mail-size chambers @SC), 
segment chambers (SC) and 
absolute chambers (AC). 

For some isotopes the measurements were performed with solid state detectors (SSD). 

Spectral indice measurements performed between tubes 
Calculated values taken in the outer regions of the plates of a 3D cell description. 

Average capture cross-section ratios (reIated to the fission of U-235) 
measured by means of foils placed in the FR between pellets 
and inside a special depleted uranium dioxide pellet (U-238). 

Measurements in BFS67-2 carried out also by a French team 
using small fission chambers(SSCFR) 

Different techniques used with different fission chambers give consistent experimentai results 



CELL pu671 

e 0 
U238 u238 U235 Np237 Np237 u238 u238 lt235 

RegionName Thickness Comp.min max CaptureCaptureFtssion Fission Capture Fission Capture Fissfon 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 

‘Na,pure, In 0.982 
‘UO2,dp,2 In 0.172 
‘UO2-dp-2 in 0.172 
‘UO2Ap~2 h 0.172 
‘sub?, h 0.498 
‘PuJ5%~ in 0.322 
wOZ_dp,l in 0.969 
‘Na-pure- in a982 
‘lJOZ,dp_l In 0.969 
‘Nagure, in 0.982 
y)u,%%- In 0.322 
‘Uo2Jp~2 In 0.172 
‘lJO2,dp,2 in 0.172 
‘Al-t.14 in 0.113 
‘ss_ring- in 0.498 
‘Nagure, In 0.982 
IJo2,dp,l in 0.969 
‘Nagwe- out 0.982 
‘UO2,dp,2 out 0.172 
‘tJO2~ip-2 out 0.172 
‘UOZ_dp_Z out 0.172 
SmJ- out 0.498 
‘Pa%%- out 0.322 
‘lJO2,dp~l out 0.969 
‘Nagure- out 0.962 
‘UCQ~dp-1 out 0.969 
‘b&pure- out a982 
‘PuJ5%~ out 0.322 
‘UO2-dp-2 out 0.172 
‘U02-dp-2 out 0.172 
‘Al-l.14 out 0.113 
sS,rins- out 0.498 
‘Nagure- out 0.982 
‘UOZ_dp_l out 0.969 
Mean Value out 

1 0 4.077 0.38900 1.36000 O.OWO 
2 0 4.077 0.05750 0.23700 1.78000 0.39300 1.35fXlO 0.0323 
2 0 4.077 0.05840 0.23200 1.77ooO 0.39700 1.34KJO 0.0328 

i 0 0 4.077 3.%1 0.05990 0.23300 1.77ooo 04lo3oo 1.33OclO 0.0336 0.00% 
4 0 3.988 0.0000 
5 0 4.077 ao5900 0.22700 1.77c00 0.0331 
1 0 4.077 0.38900 1.36000 o.Oa0 
5 0 4.077 0.05700 0.23cYxl 1.78ooo 0.0320 
1 0 4.077 0.4u!xo i.33MM o.am 
4 0 3.988 0.0000 
2 0 4.077 o.mzw 0.23500 1.76ooo 0.41400 1.32alo 0.0353 
2 0 4.077 o.o6o3o 024m 1.77OcKl 0.4odoo 1.33Ow 0.0338 
6 0 4.148 0.0000 
3 0 3.961 aM300 
1 0 4.077 0.39000 1.36000 o.oooo 
5 0 4.077 0.06580 0.23200 1.79000 00313 
7 4.077 4.746 0.05570 0.25900 1.79WO 0.38800 136OW 0.0313 
8 4.077 4.746 0.05630 0.25600 1.78ORl 0.39000 1.36003 0.0316 
8 4.077 4.746 0.05690 0.255a.I 1.78000 0.39300 1.35000 0.0319 
8 4.077 4.746 ao!ml 0.25500 1.78aB 0.39700 1.34ooo 0.0325 
9 3.961 4.746 O.OCHXl 
10 3.988 4.744 O.OOOQ 
11 4.077 4.746 O.oooO 
7 4.077 4.746 0.05560 0.25700 1.79000 0.38700 1.36000 0.0312 
11 4.077 4.746 O.OtXlO 
7 4.077 4.746 0.05890 0.259al 1.78000 0.4a300 1.34ooo 0.0331 
10 3.988 4.746 0.0000 
a 4.077 4.746 0.05900 0.25’XiO 1.77000 0.40100 1.34COO 0.0331 
8 4.077 4.746 0.05730 0.26200 1.78000 0.39400 1.35000 0.0322 
12 4.148 4.746 0.0000 
9 3.961 4.746 O.CClOO 
7 4.077 4.746 0.05590 0.26500 1.79om 0.389m 1.36aJo 0.0314 
11 4.077 4.746 O.tXlCXl 

0.05707 0.25878 1.78222 0.39322 1.35111 0.0320 

O.OW 0.000 
0.133 0.999 
0.130 0.993 
0.131 0.993 
OJXO O.lXO 
O.ooO O.ooO 
0.127 0.993 
O.ooO 0.000 
0.129 0.999 
O.tXlO O.OCD 
O.CKXl O.ooO 
0.132 0.988 
0.135 0.993 
O.ooO 0.000 
O.OCXl O.ooO 
O.CNBJ O.ooO 
0.130 l.cxkl 
0.145 1.004 
0.145 0.999 
0.143 0.999 
0.143 0.999 
O.oa3 O.ooO 
O.ooO 0.000 
0.000 O.OiXl 
0.144 l&J4 
O.CXlO 0xXx1 
0.145 0.999 
0.000 O.ooO 
0.145 0.993 
0.147 0.999 
O.ooO 0.030 
0.000 0.030 
0.149 l.lX4 
0.000 O.ooO 
0.145 l.am 

1 ‘.’ 

Np237 Np237 
Fission Capture 
0.218 0.763 
0.221 0.758 
0.223 0.752 
0.226 0.746 
o.ooo o.col 
o.om 0.m 
0.m o.axl 
0.218 0.763 
omo o.axl 
0.227 0.746 
o.om o.ooo 
0.232 0.741 
0.227 0.746 
Omo o.ooo 
o.ow Omo 
0.219 0.763 
0.m o.tNo 
0.218 0.763 
0.219 0.763 
0.221 0.758 
0.223 0.752 
aoxl 0.m 
0.m o.ooo 
o.oxl o.alo 
0.217 0.763 
o.cKlo o.a3o 
0.224 0.752 
o.axl O‘coo 
0.225 0.752 
0.221 0.758 
o.ooo o.ooo 
om o.ooo 
0.218 0.763 
o.om o.ooo 
0.221 0.758 
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U238 u238 lJ235 N&37 Nw237 u238 U238 U235 N~237 Np23? 

Reglln Name 
1 ‘Nagure- 
2 ‘W2edp-2 
3 ‘UO2,dpZ 
4 ‘UO2-dp.2 
5 SsJhg- 
6 ‘Ft.l~95%~ 
7 ‘UO2-dp-1 
8 ‘Na_pure- 
9 ‘UO2Jlp~l 
10 T&pure, 
11 ‘PU/?5%- 
12 ‘UO2-dp-2 
13 ‘UO2-dp-2 
14 w-1.14 
15 xm 
16 ‘Na_pure- 
17 ‘UO2-dp-1 
18 ‘Na_pure- 
19 ‘lKI2-dp-2 
20 ‘UO2-dp-2 
21 ‘uo2-dP-2 
22 ‘ss,rlng- 
23 ‘l’u-OS%, 
24 ‘tJO2~dp~l 
25 ‘Nopure, 
26 ‘UO2~dp~l 
27 ‘Nagwe- 
28 ‘Pu,95%, 
29 ‘UO2-dp,2 
30 ‘UO2-dp-2 
31 ‘AI-l.14 
32 ‘sSjn~- 
33 ‘Ncwure- 
34 ‘UO2-dp-1 

In 
In 
Ill 
h 
In 
In 
in 
h 
h 
In 
In 
In 
h 
In 
In 
h 
h 

out 
out 
Out 

out 
out 
out 

MecmVabeout 

Thickness Comp.min max Fission Ca~tureFlsslon F&on CiiHure Fission Capture Fission F&on C&we 
0.982 
0.172 
0,172 
0.172 
0.498 
0.322 
0.969 
0.982 
0.969 
0.982 
0.322 
0.172 
0.172 
0.113 
0.49a 
0.982 
0.969 
0.982 
0.172 
0.172 
0.172 
0.498 
0.322 
0.969 
0.982 
0.969 
0.982 
0.322 
0.172 
0.172 
0.113 
0.498 
0.982 
0.969 

1 
2 
2 
2 
3 
4 
5 
1 
5 
1 
4 
2 
2 
6 
3 
1 
5 
7 
a 
8 
a 
9 
10 
11 
7 
11 
7 
10 
8 
a 
12 
9 
7 
11 

0 4.077 0.00000 O.ti 0.00000 0.39228 1.33759 O.MlOO O.&OO 
0 4.077 0.05678 0.234O9 1.75437 0.39636 1.32652 0.0323 0.1333 
0 4.077 0.05771 0.22952 1.74968 0.40013 1.31847 0.0329 0.1307 
0 4.077 0.05919 0.23048 1.74385 0.40605 1.30789 0.0337 0.1313 
0 3.961 0.00000 0.00000 o.oooM3 o.oalal o.omoo o.oooo o.ooal 
0 3.988 o.a3ooo 0.00000 o.oaxn o.ooooO 0.00000 o.oalo o.oalo 
0 4.077 0.05825 0.22467 1.74645 O.OOOOO O.OOOOO 0.0332 0.1280 
0 4.077 o.ooalo o.oooal o.ooooO 0.39164 1.33553 o.OOOO o.oooo 
0 4.077 0.05633 022770 1.75618 0.00003 0.00000 0.0321 0.1297 
0 4.077 o.alaxl o.oaloo o.axxm 0.40844 1.30948 0.00OO o.OOO0 
0 3.988 o.OOaXl o.MMoo 0.00000 0.00000 o.ooooo 0.m 0.m 
0 4.077 0.06216 0.23196 1.73548 0.41689 1.29178 0.0354 0.1321 
0 4.077 0.05953 0.23691 1.74519 0.40674 1.30941 0.0339 0.1349 
0 4.148 0.00000 OXKIOOO o.cwlO 0.00000 OJlcKHXI o.OO0O o.oooo 
0 3.961 0.m 0.m o.M3ooo 0.00000 o.ooooO o.oooo o.oooo 
0 4.077 o.oooM) o.ooan o.alooo 0.39330 1.33714 0.0OOO o.MKx) 
0 4.077 0.05515 OS22962 1.76233 0.00000 O.OOOOO 0.0314 0.1308 

4.077 4.746 O.O!%Xl 0.25528 1.76184 0.39055 1.33903 0.0313 0.1454 
4.077 4.746 0.055!59 0.25400 1.75792 0.39330 1.33243 0.0317 0.1447 
4.077 4.746 0.05624 0.25121 1.75479 0.39591 1.32701 0.0320 0.1431 
4.077 4.746 0.05727 0.25100 1.75100 0.40000 1.32003 0.0326 0.1430 
3.961 4.746 0.00000 0.00000 0.00000 0.00OOO 0.00000 O.EIOO O.oooO 
3.988 4.746 o.oam 0.00000 o.axml 0.00000 0.00000 o.oooo oaooo 
4.077 4.746 omm o.ooooO o.ooooO o.ooooO o.oooal 0.m o,oam 
4.077 4.746 0.05490 0.25281 1.76062 0.38943 1.33801 0.0313 0.1440 
4.077 4.746 o.oaxx) o.oam o.oax30 o.oaDo 0.00000 o.oooo om 
4.077 4.746 0.05827 0.25468 1.75O26 0.40281 1.31792 0.0332 0.1450 
3.988 4.746 o.oMoo o.oalal o.owoo 0.00000 o.ooooO 0.m 0.m 
4.077 4.746 o.O5833 0.25480 1.74915 0.40354 1.31600 0.0332 0.1451 
4.077 4.746 0.05665 0.25780 1.75485 0.39713 I.32656 0.0323 0.1468 
4.148 4.746 0.00000 O.oc#100 0.00000 O.oo1x)o 0.00000 0.0000 0.001x) 
3.961 4.746 o.oa.nxl o.oom o.om30 0.m o.ooooo 0.m o.axxl 
4.077 4.746 0.(15522 0.2- 1.76172 0.39154 1.33841 0.0315 0.1483 
4.077 4.746 o.oanJo o.ooooO o.oaxm 0.00000 0.00000 o.oooo o.oooo 

0.05639 0.25466 1.75579 0.39602 1.32838 0.0321 0.1450 

O.OWO 
0.9992 
0.9965 
0.9932 
O.OOfXl 
O.CltXlO 
0.9947 
O.oooO 
l.OO02 
O.OCNlO 
O.CKXlO 
0.9884 
0.9940 
O.OCIlO 
o.ocoo 
O.oooO 
1.0037 
l.OO34 
1.0012 
0.9994 
0.9973 
O.UXKl 
O.CXJOO 
O.OWO 
l.CXI28 
O.oooO 
0.9969 
O.oooO 
0.9962 
0.9995 
0,OfXO 
0.0000 
l.oml 
O.owO 
l.UXl 

0.2234 O.i618 
0.2257 0.7555 
0.2279 0.7509 
0.2313 0.7449 
o.oooo 0.m 
o.axlo o.oom 
o.ooal o.ocloO 
0.2231 0.7606 
0.m o.oom 
0.2326 0.7458 
o.oooo 0.m 
0.2374 0.7357 
0.2317 0.7458 
o.oooo 0.m 
o.ooa3 o.moo 
0.2240 0.7616 
o*m 0.m 
0.2224 0.7626 
0.2240 0.7589 
0.2255 0.7558 
0.2278 0.7518 
o.oooo 0.m 
o.oooo 0.m 
o.oooo o.oooo 
0.2218 0.7621 
o.ocoo 0.m 
0.2294 0.7506 
om o.oooo 
0.2298 0.7495 
0.2262 0.7555 
0.m o.oaxl 
o.oam 0.m 
0.2230 0.7623 
o.oalo o.oooo 
0.2256 0.7566 
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XLL punp672 u238 u238 U235 Np237 Np237 U238 U238 ,U235 Np237 Np237 
w?n .Name ~j?Wppss ~Comtfxrnln max ~Fission CaptureFiton Fission ~CoptureFiiion CaptureFission Ftsslon Captw 

1 ,‘Na-Puf?* .I! 
?.‘N~~---- .In 
3.‘PLj-95%- .in 
4’UCEdp-1 in _ 
5,‘~a_pure_ h 
b”UO24pJ ‘in - - . ._ _ 

._ 7’Na_pu!e_ :ir! : ..-..._-. 
81’pu~?5F~.-.,In. ._ 
9:*w2 - :Ln . . . 

lO,?i&ure~ 4n ‘-’ “I 
! ! ‘WLWJ 47 f 
12”Na_pure- lout: . _, - . . 
13’NpO2 out _ . _ . _._ __m , _. . 
!q:‘PlJ.J5% out, ..- _-. - .._._. 
l~;‘UQ~,dp_l iout . r 
16.‘Naflure- ‘out: 
17wo2-dpJ .yJt. 
18’T@pure- ,out, 
19~‘Pu-95%_, .out, 
g]‘Iupo2- :ouf, 
2 ! ,.‘Na_pure- , wt. 

,, 22 ‘Ucs?$p-! .-. ..-. 

o-w?, 
0.975, 
0.323, 
0.972 
0.986’ 
0.972 
0.986; 
f-?G? 
0.975 _ ..,. 
,0.986 _ 
f&97?, 
0.986 
9.975 
0.323 . .-- 
0.972 
0.986’ 
0.972 
0.9sd 
0.323. 
0.975, 
0.986, 
0.972 

‘1 0 4.077’0.01X00 O.ti ilBOOOO 0.43704 l.iO935 O.OCKlW O.f%OOO O.WWO 0.27055 0.68675 
2‘ 0. 4.077 0.00000 O.OWOO O.OWOO 0.45134 1.08469 0.00000’ O.OOOW 0,OWW 0.27940 0.67148 
3. 0 3.988 o.ooow’ o.ooooO aM3ooo’o.wooo o.ooalo o.ooooO 0.m oalooo o.wwo o.owoa 
4 0’ 4.077 0.06658 0.2O2E&l.61235 O&3871- 1.10582 0.04121 0.12539 0.99813 0.27158 0.68456 
1 0 4.077’0.00000’ O.OOOOO O.OOOW 0.42924’ 3.12282 0.00000 0.00000 0,00000 0.26572 0.69509 
4. 0 4.077’O.O645O 0.26479 1.61971 0.43087 1.1193&O.O3993 0.12677 1.00269 Oh9293 
1’ 

0.26673. 
0 4.077 O.OOINO 0.00000 O.OWOO 1.10071 0.00000 0.6814(3 

31 
O&K+ 0.00000,0.00000 0.27614 

0, 3.988,o.rYqq o.ooooo,o.oww,q.wooo~ q.wwo.o.ooaoo. 0.ooooO,0.oooa) o.wooo, o.oooM 
2 0 4.077.0.00000 O.WOOO 0.00000,0.45161, 1.08559 0.0O@O, 0.0W00,0~00M30 0.27957, 0.67204 
1 0 4.077 0.00000 0.00000 tHXKl00 0.43718 0.68703 
4’ 0’ 4.077’0.06461. 0.20530 1.617530.43175’ 

l.lO981,0.00000, 0.00000,0.~~0.27064, 
1.11591 O.O4CXlO 0.12709 1.00134 0.26727 0.69081 

!i. 4.077. 4.746’0.06467’ Oh88 1.615780.434O9 1.11227 O.O4W3 0.13550 1.00025 0.26872’ 0.68855 
6 4.077’ 4.746’0.06722 0.21693 1.6O788’0.44369~ 1.09723 0.04161. 0.13429’0.99536 0.27467 0.67924 
7’ 3.988’ 4.746’0.00006 o.wooo QMMM’O.wooo u.00000 o.oowc~ 0.ooooO’0.~ o.oalw o.oaloc 
8’ 4.077’ 4.746 0.06504’ 0.215&’ 1.61523’0.43494 1.11122 0.04026 0.13362 0.99991 0.24925 0.687x 
5 4.077 4.746:0.06302’ 0.21708: 1.62216 0.42713’ 1.12413 O.O39Ol~ 0.13438 1.00420 0.26442’ 0.6959C 
8, 4.077 4.746,O.O6363 0.21775 1.62062 0.42965 1.12092 0.03939 0.13480 1.00325 0.26598 0.69391 
5 4.077 4.746 0.66648 0.21860 1.61362 0.44058 1.10655 0.04115 0.13533 0.99892 0.27274 0.68501 
7‘ 3.988 4.746 o.ooooO’ 0.00000 o.oowo’o.ooo[M 0.00000 o.oowo o.owal o.cMxloo o.owoo o.amc 
6’ 4.077’ 4.7460.06720’ 0.21939 1.6OW 0.44377 1.09817 0.04160 0.13581 0.99580 0.27472 0.67983 
5’ 4,077 4,746 O.O6467 0.22021 1.61613 0.43415. 1.11273 0.04003’ 0.13632 l.ooo47 0.26876 0.68884 
8’ 4.077’ 4.746 O.CW87: 0.21790 1.61837’0.43097’ 1.11722 0.03954 0.13489 1.00184 0.26679 0.69164 

Mean Valueout 0.06509 0.21806 1,61537 0.43544 1.11116 ODiO29 0.13499 l.CXIOKXI 0.26956 0.687871 
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0 PUNP673.XLS 

:ELL ,punp673 U238 U238 U235 Np237 Np237 U238 U238 U235 Np237 Np237 _-_- 
‘$Qlon ,Nam ‘Thickness Comp.min max Fission CapturbFion ‘F&&n CaptureFiilon CaptureFIssIon .Flsslon Captur 

8;‘Nagure- in 
+fO&mdpT1 ,h , 

lO:‘Na_pure- .h! . 
ll~‘Pu,85%_ in 
4’Np02- :I” 
l$‘f?apure_ .@ 
!! ‘uou%Ll .h 
15’Na_pure- out‘ ..- ..--.. .--- --.~ 
.!6;!!%4!?~? .?ut 
17’lJ02gp~2~0ut . _ 

0.981’ 
0.172. 
0.172’ 
0.172’ 
0.497’ 
0.321 
d.etii’ 
0.98! 
$967’ 
0.9ai. 
d.321’ 

0.9j’ 
0.981’ 
0.967’ 
d.981. 
0.172’ 
0.172’ 
0.172 
0.497 .._.. 
0.321 
0.96f 

0*98!. 
0.%7 
0.961 
0.321 

0.97 
0.981 
0.967 

22.‘Nq-J-- art. 
23.‘UO2-dp-I o@ 
24”Na-pure_ out 
25”pu,95%- out 
26’NpO2- out: 
27]‘Na_pure- out, 
2~,‘lJO2_dp,l ,out 

-1 0’ 4.077 0.00000 O.OOOOO’0.OOOOO 0.40740. 1.23119 080000 0.00000 O.OOOOO 0.24118 0.72886 
2 0 4,077 0.06070 022191‘1.69010 0.41100 1.22318 0.03594 0.13137 l.ooo53 0.24331 0.72412 
2 0’ 4.077’0.06156 0.21847 1.68671 0.41441 1.21706 0.03644 0.12934 0.99853 0.24533 0.72049 
2 0 4.077 0.06295 0.21902’1.68231 0.41990 1.20865 0.03727 0.12966 0.99592 0.24858 0.71552 
3. 0 3.961 o.axlw 0.alOOO’0DoOoO’0.~ o.ooMx, 0.00000 0.clOOa0 0.00000 o.OaOOo o.OcxBO 
4 0 3.988’O.OOOOD’ O.OONlO O.OOOOO O.tXlOOO O.OOOOO’0.00000’ 0.00000 O.o(xx10 O.OOOOO O.OKIOO 
5’ 0 4.077’0.~195 d.21465’1.68543 0.00000’ 0.~~0.03&7- 0.12707 0.99777 O.OOOOO 0.m 
1 0. 4.077’O.OWOO ikJCOO’~,OOOa’0,40585 1.23260’0.00000’ O.OOOCXY 0.00000 0.24026 0.72969 
5 0 4.077‘0.odoi4 0.21752’ 1.69137’0.00000 O.OOOOO 0.03566 0.12877 l.M3128 0.00000 0.00000 
1 0’ 4.077 O.WOOb O.OOCClO’0.~‘0.42370 1.2tMti O.OOOfII O.oMxxl O.CW.Xl 0.25083 0.71305 
4’ 0 3988:o.tio’ o.ooooO’0.00000 o.ooooo 0.00000 0.00000 0,m 0.00000 o.atooo’ 0.00000 
6’ 0‘ 4.0;7’0.00000’0.OOOOO’0.00000’0.42868’ 1.16688 0,OOUlO’ OLD000 0.00000 0.25377 0.70263 
1’ 0 4.077‘0.OOOO0 O.wooO~O.00000 0.41310 1.21846 O.OtKlOO 0.00000 O.ooax) 0.24455 0.72132 
5’ 0 4.077’0.05957‘ 0.21847’1.69327 O.MxKIo 0.00000 0.03526 0.12933 1.00241 0.00000 0.00000 
7’ 4.077‘ 4.746’0.05@ 0.23682-1.69531 0.40547 1.23252 0.03488 0.14019 1.00362 0.24003 0.72965 
6’ 6’1677. 4,?46’d.&94$ 0.23584 1.69280’0.40787 1.22801 0.03518 0.13962 l.CKI213‘0.24146 0.72698 
8’ 4.077 4.746 005004 0.23379’1.69051’0.41026 1.22384 0.03554 0.13840 1.00078 0.24287 0.72451 
8’ 4.077 4.746 0.06102 0.233531.68765’0.41404 1.21828 0.03612 0.13825 0.99908 0.24511 0.72122 
9 3.961 4.746’o.OaxO o.alooo’0.00000 o.otxloo 0.00000 o.ooMo 0.00000 o.oolloO 0.00000 0.00000 

10’ 3.988 4.746 o.ooaxl o.oOoOO O.~‘O.~ o.OolxO o.OoOoO o.oOfMO 0.(10000 o.oOlxlO Cr.00000 
11‘ 4.077 4.746’0.00000 o.OalOo 0.00000’0.cOOoo o.Ooalo 0.00000 0.00000 0.00000 o.M3ooo o.OoOOo 
7~ 4.077 4.746005865 0.23535 1.69596 0.40370 1.23427 0.03472 0.13933 l.a)400 0.23899 0.73068 

11’ 4.077 4.746‘o.allxxI 0.00000 o.OOOaI o.OOt?w o.OaDl 0.00000 0.00000 o.owaI o.OoaxI o.oOOaI 
7. 4.077 4.746 0.06229 0.23806 1.68402 0.41795 1.21175 0.03687 0.14093 0.99693 0.24743 0.71735 

10 3.988 4.746‘0.00000 O.CKlOOC’0.00000 0.00000 O.OOOOO 0.00000 O.OOOfJJ 0.00000 O.WOOO 0.00000 
12’ 4.077’ 4.746 0.06288 0.23960 1.67830 0.42065 1.20261 0.03722 0.14184 0.99355 0.24902 0.71194 
7 4.077’ 4.746 O.Ml3 0.24056 1.68901 0.41012 1.22186 0.03560 0.14241 0.99989 0.24279 0.72335 

11 4.077 4.744 0.00000 o.ooooo 0.00000 0.00000 o.GQaIO 0.00000 o.M3ooo 0.00000 o.OOocxl o.Oax.JO 
0.06042 0.23669 1.68920 0.41126 1.22165 0.03577 0.14012 l.OiXMO 0.24346 0.723211 
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a 0 

SPECTRAL INDICE MEASUREMENTS (REVISED) 

Spectral indice measurements performed between tubes 
Calculated values taken in the outer regions of the plates of a 3D cell description. 

F 

CIE for Stmtral Indices with JEFwECCOIERANtlS ---. -- - 
I 

Assemblies BFS-67-1 BFS-6793B BFS-67-q 
qU238hfU235 0.985kO.025 0.996kO.025 1.035kO.025 
opu239/qu235 0.986kO.O 15 0.995+0.0 15 1.003kO.0t5 
qNp237iopu239 0.936fl.030 0.98OkO.030 0.97m.030 
ofPu238@Pu239 1.032kO.035 1.042+0.035 MIMkkO.035 
crfFtl24o/cFfPu239 1.03240.030 1.061&-0.030 1.067M.030 
ofpu24 llqPu239 1.022z!z0.015 1.017+0.015 1.008kO.015 
ofPu242fqPu239 1 ,011 IbO.020 1.046kO.020 1.053t0.020 
afAm24MfPu239 0.926+0.030 0.962fo.030 0.9&H-0.030 
qAm243/c@u239 0.955&0.040 1.026kO.040 1.007+0.040 
ofCm244/qPu239 1.127&0.030 1.1 J5&0.030 1.1 mO.030 
ocU238bfU235 0.98733.025 0.930&0.025 0.937ko.025 
ocAu 197/qU235 0.968kW345 0.89OkO.045 
ocNp237/crcU238 0.96OkO.050 0.938kO.035 0.960&0.050 
ocNp237bfU235 1.012kO.035 - 0.969fO.035 

. 
l , 

T . 



SPECTRAL IN-DICE MEASUREMENTS 

Spectral indice measurements performed between tubes 
Calculated values taken in the outer regions of the plates of a 3D cell description. 

C/E for Spectral Indices with ERALIBl/ECCO/ERANOS 
I I I 

I 

Assembks BFS-67-l BFS-6703B BFS-67-2 
ofu238/cqu235 0.988fo.025 0.99SO.025 1.026HI.025 
qPu239/ofu235 1.003&0.0 15 1 .012&0.015 1.018*0.015 

ofNp23WafPu239 0.944fo.030 0.993ti.030 0.998&0.030 
qPu238/qPu239 1.036ztIO.035 1.034SI.035 1 B47IIIO.035 
qPu24O/qPu239 1 l O2ti.030 I .01oH.030 1.034&0.030 
ofpu24l/ofPu239 0.998&0.0 15 0.990&0.0 15 0.977&0.0 15 
OfPU242bfPU239 0.975&0.020 1.046z!zO.020 1 .o 1 MO.020 
rrfAm24 MfPu239 0.924zizO.030 0.94olko.030 0.974&0.030 
crfAm243/ofPu239 0.993Hw40 0.999*0.040 1.029&0.040 
ofCm244/qPu239 1.1251t10.030 1.093M.030 I. I33&0.030 
trcU238/qU235 0.98OkO.025 0.947HI.025 0.943ti.025 
ocAu 197bfU235 fo.045 +MI45 
acNp237bcU238 0.93 M.050 0.92 I fO.035 0.954&0.050 
ocNp237bfU235 1 .o 13fo.035 0.97OM.035 



I Sodium Void Reactivitv Worth I 
2 

BFS67-I BFS67-2 
voided parts Experiment C/E Experiment C/E 

b (in pcm) (in pcm) 
3+4+5+6; 29.8+1.4 0.89 90.4Ik3.9 1.00 

31 fueI rods 

Introduction of Np237 in the core fuel increases the Na void reactivity worth, 
effect correctly reproduced by the calculation. 

Calculated result overestimates the experimental trend, 
acceptable for safety considerations. 

. 
, 

, . 
+. -9 ,. r 

SODIUM VOID REACTIVITY MEASUREMENTS 

performed on various heights of the central part of the core. . 
Calculated results are obtained 

by perturbation theory for BFS67-1 and BFS67-2 sodium void reactivities 
with a 3D cell description of the voided cell. 



ABSORBER REACTIVITY WORTH MEASUREMENTS 

Two typ& of absorber pellets were used: 
natural boron carbide and 
enriched ( 8 1.7% B-10 ) boron carbide. 

The absorber reactivity worth is a dynamic movement of a “long rod” 
from a position where the lower part (sodium) is in the core 
to a position where the upper part (boron) is inserted in the core. 

The reactor power is decreasing from a high level, rapidly with the insertion of the rod. 
The reactivity worth is obtained by following the power history using the Carpenter method. 

Height of 
Absorber type absorber BFS-67- 1 BFS-67-3B BFS-67-3 BFS-67-2 

column (mm.) 
B4C em-. 381.3 -2.16&0.12 -2.13&O. 13 i -2.10ko.12 -2.06&O. 12 
B4C enr. 191.6 - 1.26kO.06 - 1.2040.06 - 1.201tO.06 -I xto.06 
B4C nat. 380.8 -0.879kO.039 -0.825kO.036 -0.809kO.035 

A decrease of the absorber reactivity worth with the Neptunium content can be noted. 



i 

CEBITRAL REACTIVITY COEFFICIENTS (CRC) 

measured in the centre of the core using an oscillation method. 

Central Reactivity Worth Ratios Ri(l=O)/R235(M) I IO31 

(1 - mean chord of a sample) ” 
Isotope (i) BFS-67- 1 BFS-67-3B BFS-67-2 

U238 -67zk2 -5422 -462 1 
Li6 1 

-406k4 
B10 -996*:15 -7%4&15 -7I6MI 
c12 -4.4zko.2 -9.7ko.2 - f 2.5M.3 
H I 45&z -66.Ok I .3 I 

Pu239 I 133Ok20 1370+_20 138Ok20 
Np237 -25oklO -I 12k4 -52&I 0 
Am241 -238-t-10 -N&20 -28zkI5 4 

Na -4.7M.4 -9.1 k-O.3 -13.1kO.5 



CONCLUSIONS 

Experimental configurations have heen established at the BFS facility (IPPEDbninsk) 
within a France/Russia fast reactor collaboration 
for validating the Neptunium burning in fast reactors. 

Parametric approach with diierent Neptunium fuel contents (6.5%, 13.1%) 

Transposition to full power reactor performed 
with the JEFZtECCO/ERANOS calculational scheme and 
with the ERALIBl/ECCO/ERANOS calculational scheme 
with a 3 dimensional cell description (to reproduce the precise experimental conditions) 

The introduction of Neptunium introduces no significant discrepancies 

Neptunium in the core increases the sodium void reactivity worth, 
decreases the control rod worth of up to 15 % . 

Linear dependence of the measured parameters to the Neptunium content 
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